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FOR THE INVENTION ENTITLED:- 

"A POWER SUPPLY" 

The invention is described in the following statement:- 
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FIELD OF THE INVENTION 

The present invention relates to a power supply. 

The invention has been developed primarily for use with a GPRS communications 
module for a PCMCIA card and will be described hereinafter with reference to that 
5 application. It will be appreciatedi however, that the invention is not limited to that 
particular field of use and is also suitable for other communications modules such as a 
GSM module or a Mobitex module, whether included in a PCMCIA card, a Compact 
Flash card, or any other conununications module for a notebook computer, a laptop 
computer, a Tablet computer, a wireless LAN device or other computing devices. 

10 BACKGROUND ART 

Known mobile commumcations modules, such as OPRS modules, are used in 
PCMCIA cards. Hie modules include a number of integrated circuits that collectively 
function to allow information to be processed and transmitted m accordance with the 
required communications standard. In the case of GPRS modules die infonnation is 

1 5 usually non-voice data, although voice data is transmitted similarly. 

The design of portable computing devices such as laptop computers and PDA*s is 
strongly driven to minimise size while maximising ttie period between recharging of the 
battery. This suggests that the battery should have as high an energy density as possible. 
However, batteries of this type typically have a high time constant and are therefore 

20 compromised in their ability to provide the required voltage and current during the high 
power mode of the typical communications modules used in these devices. Accordingly, 
tiie more usual compromise is to tolerate a lower power d^ity - and therefore a shorter 
battery life - but gain a shorter time cotistant. 

Jn partial answer to this problem, it has been known to use a bank of parallel 

25 tantalum capacitors to assist the battery during the higli power mode. While some small 
advantage is gained, this is usually not justified by the cost and bulk of these capacitors. 

The design of wireless communication devices for wireless LANs, PCMCIA cards 
and the like, is driven to achieve the desired functionality while also minimising volume, 
peak power consumption and cost. In contrast, the demands for increased functionality 

30 and wider bandwidth communication usually require more volume, higher peak power 
and higher cost. These competing considerations place an increased premium on PCB 



18:24 



61 2 92414371 -> 0262837999 



hD.024 (706 



-3- 

"real estate''^ packaging volumes and component costs as designers attempt to get more 
from less. 

In any event, tbese cards are reliant upon the host computing device supplying the 
required power. Increasingly it is being found that the host has a specified current limit 
5 for the card that is less than the peak current demanded. That is, for the card to operate it 
will have to do so outside the power supply specification of the host. While this may not 
be catastrophic in all cases, it is highly undesirable and, ultimately, unsustainable if 
system stabiUty is required. 

Accordingly, for both portable and mains supplied devices the increasing demands 
10 for conununication flexibility is being compromised and hindered, if not prevented, by 
power supply limitations. 

Any discussion of the prior art throughout the specification should in no way be 
considered as an admission that such prior art is widely known or fomis part of common 
general knowledge in the field. 

15 DISCIX)SURB OF THE INVENTION 

It is an object of the invention, at least in the preferred embodiment, to overcome 
or substantially ameliorate otie or more of the disadvantages of the prior art, or at least to 
provide a useM alternative* 

According to a first aspect of the invention there is provided a power supply for a 
20 load that demands an average load current and a peak load current that is higher than the 
average load current^ the power supply including: 

input terminals for connecting with a power source that supplies a source current 
that is l^s than a predetennined current limit, wherein the predetermined current limit is 
less than the peak load current; 
25 output temiinals for electrically connecting with the input temiinals and the load; 

and 

a supercapacitor device in parallel with the terminals for allowing the load to be 
supplied the peak load current while maintaining the source current at less than the 
predetermined current limit 
30 Preferably, the predetennmed cunent limit is between the average load current 

and the peak load current 
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Preferably also, the voltage at the input tenxiinals is greater than or equal to the 
voltage at the output tenumals. More pref6iably> the power supply mamtains the input 
and the output terminals at substantially the same voltage. 

In a preferred foim» the supercapacitor device includes one or more 
S sttpexcapacitors in parallel with the output terminals. More preferably the power supply 
includes a cunent limiter disposed between the input terminals and the supercapacitor 
device. Even more pre&rably, the current limiter maintains the source current at less than 
the predetermined current limit during charging of the supercapacitive device from the 
power source. 

1 0 Preferably^ the supercapacitor device includes a plurality of supercapacitors that 

are connected in parallel with each other. However, in other embodiments the 
supercapacitors are cormected in series with each other. 

Preferably also, the supercapacitor device has an ESR of less than 30 mfi. More 
preferably, the supercapacitor device has an ESR of less than 24 mQ. Even more 
IS preferably, the supercapacitor device has an ESR of less than 20 mO. 

In a preferred form, the supercapacitor device provides a capacitance of at least 
about 0.4 Farads, More preferably, the footprint of the device is less than about 800 mm". 
Even more preferably, the footprint of the device is less than about 40 mm x 20 mm. 
Preferably, load is a communications device. More preferably, the 
20 conmiunications device includes a GPRS module or a GSM module. Even more 

prefembly, the load is a card for a computer, and the communications device is mounted 
to the card. In these embodiments the power source is derived from the internal power 
supply of the computer. 

According to a second aspect of the invention there is provided a communications 
25 card for a computer, the computer having a power source that provides a source current 
for the card that is less than a predetermined current limit, the card including: 

a substrate for supporting a plurality of electrical components that collectively 
defme a load that demands a peak load current that is greater than the predetemuned 
current limit and an average load current that is less than the peak load current; 
30 input terminals for connecting with the power source; 

output terminals for electrically connecting with the input terminals and the load; 

and 
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a supercapacitor device in parallel vdth the tennmals for allowing the load to be 
supplied the peak load current while limiting ttie source current to less than the 
predetennined current limit 

According to a third aspect of the invention there is provided a computing device 
5 including: 

a communications card for allowing the computer to communicate with o&er 
computing devices wherein^ in use^ the card demands a peak load current and an average 
load current that is less than the peak load current; 

a power source for supplying a source current to the card, the power source having 
10 a predetermined current limit that is less than the peak load current; 

input terminals for connecting with the power source; 

output terminals for electrically connecting with the load; and 

a supercapacitor device in parallel with the lemniinals for allowing the load to be 
supplied the peak load current while limiting the source current to less than the 
1 5 predetermined current limit. 

The term "computer" includes both mains connected and portable computing 
equipment such as, for example, desktop computers, laptop computers, PDA's and 
cellular telephones. The term "card" includes, for example, CompactFlash Cards, 
PCMCIA cards, modem cards and other communicatioi^ cards. 

20 BRIEF DESCRIPTION OF DRAWINGS 

Preferred embodiments of the invention will now be described, by way of example 
only, with reference to the accompanying drawings in which: 

Figure 1 is a schematic circuit diagram of a power supply according to the 
invention; 

25 Figure 2 is a more detailed circuit diagram of the current limit circuit used in the 

power supply of Figure 1 ; 

Figure 3 is an oscilloscope image mcluding a number of traces for the power 
supply of Figure 1; 

Figure 4 is an oscilloscope image including a number of traces for an alternative 
30 embodiment of a power supply according to the invention; 

Figure 5 is a schematic representation of a PCMCIA card of one embodiment of 
the invention; and 
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Figure 6 is a schematic representation of an alterxiative communication card 
according to the invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

Referring to Figure 1 there is illustrated schematically a power supply 1 for a load 

5 in the form of a PCMCIA card 2 that has an onboard GPRS Class 10 module (not shown). 
The module, and iherefoie card 2, demands a load current i w that has an average value 
over time and periodic instantaneous peak values {ipt^ki that are significantly higher than 
ttie average value. Power supply 1 includes a pair of input terminals 3 for connecting 
with a power source in the form of a regulated power supply 4 that is contained widiin a 

10 personal computer (not shown). Supply 4 supplies a source current ii„put that is less than a 
predetermined eunrent limit specified for the supply and which is less than the peak load 
current. A pair of output tenninals 5 is electrically connected with terminals 3 and card 2. 
A supercapacitor device in the form of a single supercapcitor 6 is in parallel with 
terminals 3 and 5 for allowing the load to be supplied the peak load current while 

IS maintaining the source current at less than the predetermined current limit. 

Power supply 4 has a specification that sets the predetermined cuiroit limit at 1 
Amp for each card within the computer. In other embodiments the predetermined current 
limit is dififerent 

It will be appreciated by those skilled in the art that card 1 is but one of a number 
20 of card$ within the computer^ where those cards offer respective fimctionalities fiar the 
user of the computer. For the GPRS fimctionality, however^ a usual GPRS transmitter 
needs 1 .5 Amps to 2 Amps to transmit at full power at &e regulated supply voltage of 33 
Volts. For example, when transmitting in class 10 usmg a maximum of two of the eight 
577 mis time slots, the pulse duration is I.1S4 ms and the period 4.616 ms. It is not 
25 possible for prior art cards to supply this load and remain within specification. In the 
embodiment illustrated in Figure I, however, supercapacitor 6 has a high c^acitance and 
a low ESR (equivalent series resistance) and is thereby able to deliver large current pulses 
without large voltage swings at temiinals S. That is, the ripple in Vioad i$ small and allows 
the load current ihua to meet the peak crurent demands of card 2 during transmission. Tn 
30 these circumstances exceeds die predetermined current limit, while Urtput does not 
That is» supply 1 has a load-levelling effect that allows current drawn from the source 4 
during the load pulses to be contamed within the range allowed by the PC card 
specification. 
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Aji important criterion in selecting supeicapadtor 6 is low ESR, as ESR is 
typically the major contributor to the voltage ripple for high capacitance devices. 
However, when card 2 is first plugged into supply 4, supercapacitor 6 is usually in a 
discharged state. Accordingly, the lower the ESR the higher will be the initial charging 

5 cvmrent into supercapacitor 6. To prevent the supercapacitor's initial charging current 
from overloading supply 4, supply I includes a current-limit circuit 7, This circuit limits 
iihpui to just less than the peak current supply that is specified for card 2. A more detailed 
illustration of circuit 7 is provided in Figure 2. It will be appreciated by those skilled in 
the art that during normal operation - that is, following the initial charging of 

10 supercapacitor 6 ~ circuit 7 is effectively inoperative and presents only minimal 
impedance. 

Supercapacitor 6 enables card 2 and the GPRS module to operate even though Uond 
during the periodic peak times exceeds the value allowed by supply 4. This is done with 
substantially 100% efficiency, instead of the lower efficiency and higher cost of a DC-DC 

15 converter. Additionally^ supercapacitor 6 does not generate EMI. That is, it is the action 
of supercapacitor 6 that limits the peak current load upon source 4 during normal 
operation of card 2. Circuit 7> during that nomial operation, is not used to effect that 
current limiting. Stating this in different terms, supercapacitor 6 is designed to limit iinpm 
during normal usage to not only fall below the specification of simply 4, but also to 

20 prevent circuit 7 from activating. 

The amount of energy that supply 4 is able to deliver in a typical pulse period is 
able to be compared with the energy required by card 2 by performing a simple energy 
balance. If the load has a duty cycle of D (where 0 < D I) and the load current has a 
continuous componmit of I^ufldy and a pulse of ipeak (in addition to Ltc^) then the average 

25 power drawn dxuring one cycle is: 

Pave = Vcc (Isteady + D-//7e«*) 

The maximum average power that may be drawn firom the supply is given by 

Pave, max ^ Vcc'Ienax 

where Im&x is given by the FC Card specification as 1 Amp. Pave must be less than 
30 Pave> max foT the load to fimction. Combining the above equations^ the following must be 
satisfied: 
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While this equation is true for an ideal» infinite capacitor, some margin is allowed 
for voltage ripple in a real device. For the ilhistratcd embodiment, the GPRS module is 
tm in Class 10 mode on card 2. Use is made of 2 slots out of S to provide a 25% duty 
cycle, and the card draws 100 mA continuously plus 1 .9 Amps peak pulse transmission 
5 cunenU Given this, Steady + ^'ipcak 0.1 + 0.25 x 1 3 Amps = 0.575 Amps, which is well 
under the 1 Amp limit This ignores losses, but gives an approximate magnitude of the 
current that will be drawn from supply 4. 

The oscilloscope image of Figure 3 illustrates tho traces for the circuit of Figure L 
The X-axis is in units of time, while the y-axis is in units of voltage for the top two traces 
10 and current for the bottom two traces. 

Supercapacitor 6 is a 0.25 Farad 40 mCl device. The supply voltage Vcc from 
supply 4 is 3.3 Volts at a supply impedance of 200mW. A load is imposed by card 2 of a 
1.9A pulse for 1.154 ms every 4.616 ms. That is, a Class 10 (2-slot) transmission. 
Progressing from the top to the bottom of the traces provided in Figure 3* there is shown: 
15 1 - The input voltage, that is, Vcc - designated by reference numeral 1 L 

2. The load voltage, that is, Vjoad - designated by reference numeral 12. 

3. The current drawn from supply 4, that is, U^ut - designated by reference 
numeral 13. 

4. The current drawn by the GPRS module, that is, W - designated by refermce 
20 numeral 14. 

It should also be noted that zero is the bottom graticule in the traces. 
Due to the use of supply 1 there is no point in the cycle where ii„f„tt exceeds the 1 
Amp specification of supply 4. Moreover, this is achieved simultaneously with 1/^^^ 
satisfying the pealc current demands of card 2. 
25 It is of interest to note that increasing the impedance of supply 4 or adding 

resistance to circuit 7 results in a reduced peak input current. However, the tradeoff is a 
reduced minimum and average output voltage. 

The table below. Table 1, contains some examples of superc^acitors that work in 
the above example with a 2 Amp maximum load current. 
30 In other embodiments use is made of supercapacitors, or supercapacitor devices, 

with a total ESR of up to 80 mO. It will be appreciated, however, from the leaching 
herein, that those supercapacitors or supercapacitor devices with lower ESR will perforai 
better in the context of the present embodiments, and will also provide more headroom. 
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Those supercapacitors listed in Table 1 that are rated for 23 Volts operation, two 
are combined in series for use with supply 4 giv^ the operational voltage is 3.3 Volts. 
Where lower operational voltages are used a single one of the supercapacitors is suitable. 
Moreover^ in hi^er voltage applications more than two supercapacitors are connected in 
S series. 

TABLE 1 



Capacitance 


ESR 


Voltage 


Footprint 


Thickness 


Type No. 


(Farads) 


(ni^) 


(Volts) 


(inmxmm) 


(nun) 




0.18 


60 


4.5 


28.5 X 17 


2,79 


OW202 


0.35 (each) 


30 (each) 


23 


28.5x17 


136 


GWI02(2req'd) 


0.2 


50 


4.5 


39x17 


2.06 


GS203 


0.4 (each) 


26 (each) • 


23 


39x17 


0,99 


GSI03 (2req'd) 



In other ^bodiments (not shown) card 2 includes a communications module in 
the fonn of a GPRS Class 12 module. While the principle of operation remains the same, 
the parameters of the supercapacitor used are different to account for the requirements of 



10 the different module. For example, it is possible to run a transmitter in class 12 mode on 
a PC Card using four slots out of eight, which is a 50% duty cycle. If tlie card draws 100 
mA continuously plus 1 .8 Amps peak pulse transmission current then Xstready + ^'ip^ak - 
0.1-1- 0,5 X'1.8 Amps =1,0 Amp, which is at the 1 Amp limit This ignores losses, so a 
1.8 Amp pulse is the maximum that could be supported in an ideal circuit In a real 

15 circuit, the pulse load that can be supported will necessarily be less, and the preferred 
design parameter is 1 .5 Amps. Such a 1 .5 Amp pulse results in an average of 0»8S Arnps, 
which leaves some headroom and allowance for losses. - 

An embodiment of the invention that is specifically designed for operation with a 
PC card having a GPRS Class 12 module includes a superacapadtor that has a 

20 capacitance of 0.48 Farads and and £SR oflOmSl. Again, the source voltage (Vce) is 3 J 
Volts and supply 4 provides 200mf2 source impedance. A class 12 (4-$lot) transmission 
includes about a 100 mA continuous load, and a 1 ,5 Amp maximum puke for 2.308 ms 
every 4.616 ms. There is shown in Figure 4 a set of oscilloscope traces that correspond 
with the traces of Figure 3, but which relate to a GPRS Class 12 module together with the 

25 supercapacitor refeired to immediately above* That is, progressing from the top trace to 
the bottom trace, there is illustrated: 

1 . The input voltage, that is, Vcc - designated by reference numeral 15. 
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2. The lead voltage, that is. Vioid - designated by reference numeral 16. 

3. The current drawn from supply 4> &at is, i'a^ui - designated by reference 
numeral 17. 

4. The current drawn by the GPRS module, that is, Uoad - designated by reference 
numeral 18, 

Again, due to the use of the supercapacitor ii^^put does not exceed the 1 Amp 
specification and the load voltage Viqad remains above 3V. 

Adding extra source resistance is a means to reduce the maximum current drawn 
from supply 4, but it is not advisable ufi applications in which Vio^d is close to the 
acceptable minimum. 

Examples of superc^acitors that are suitable for use with the GPRS Class 12 
module referred to above are listed in Table 2. The design parameters being assumed are' 
a 1.6 Amp maximum load current and that Vioad is maintained above 3 Volts. 

Similarly with the Class 10 examples, the lower the resistances and the ESR of the 
supercapacitor used, the better the ripple voltage will be and the more voltage headroom 
there will be. 

TABLE2 



Capacitance 


£SR 


Voltage 


Foo^iim 


Thielaiess 


TypcNo- 


(Farads) 


(mn) 


(Volts) 


(mmxznin) 


(mm) 




0.45 


24 


4.5 


39x17 


3.9 


CS205 


0.95 (each) 


12 (each) 


2.3 


39x17 


1.91 


GS105(2i^'d) 


1.4 


20 


4.5 


39x17 


4.99 


GS208 


2.7 (each) 


10(oqch) 


2.3 


39x17 


2.45 


GSI08(2req'd) 



The invention is also applicable to other operating environments such as 
CompactFlash Cards including a GPRS or a GSM modem. These cards are typically 



20 limited to a current drain of 0.5 Amps, which at a si^ly voltage of 33 Volts, is 
considerably less than the 1.5 to 2 Amps that the modem requires to transmit at full 
power. The arrangement is concepmally similar to Figure 1, where card 2 represents the 
CompactFlash Cord including the modem, and siqieicapacitor 6 represents a 
supercapacitor selected for this environment. 

25 To illustrate this additional embodiment reference is made to the following 

specific example. Particularly, the modem is configured to transmit in class 8 mode on a 
CF-H Card, using 1 slot out of 8^ which translates to a 12.5% duty cycle. The card draws 



10 



;09/02 



18:24 



61 2 92414371 0262B37999 



NO. 024 C14 



•11- 

100 xnA continuously, plus 1.9 Amps peak pulse transmission current Using the above 
equations, Isu^y -f D = 0.1 + Q,125'X 1.9 Amps = 0.34 Amps, which is well under the 
0.5 Amp limit. This calculation ignores losses, but gives an approximate magnitude of 
the current that will be drawn from the source when using a supercapacitor. 

5 The supercapacitor used in this embodiment has a capacitance of 0.25 Farad and 

an ESR of 40mQ, Supply 4 provides a source voltage Vcc of 3.3 Volts and has a source 
in^edance of about 200 mQ. The CompactFlash Card draws about 100 mA condnuous 
and a L65 Amp pulse for 0.577 ms every 4.616 ms due to the Class 8 (l-slot) 
transmission. It will be appreciated that the peak soiurce ciurent hi practice is higher than 

10 the ideal value predicted above, but this is to be expected when taking source resistance 
and supercapacitor ESR into account. 

In other embodiments where CompactFlash Cards are used, the supercapacitor is 
chosen to have a lower BSR than that used in the above example to allow for some 
headroom and/or to support a tra^ismitter that draws a higher current. 

15 The table below, Table 3, contains examples of supercapacitors that are also 

suitable for the embodiments having CompactFlash Cards. These devices allow the load 
to stay within specification by drawing less than the O.S Amp Ihnit. Again, where the 
specified voltage of the listed supercapacitors is less than the operational voltage of the 
^plication, then two like devices are comiected in series. 

20 TABLE 3 



(Amps) 


Capacitance 
(Farads) 


ESR 
(inn) 


Voltage 
(Volts) 


Footprint 
(mm X mm) 


Thickness 
(mm) 


Type No. 


1.75 


0.45 


24 


4.5 


39x17 


3.9 


GS205 


L75 


0.95 


12 


23 


39x*l7 


1.91 


QSI0S(2req'd} 


1^5 


035 


32 


4.5 


28.5X17 


4.63 


OW210 


.U5 


0.65 


16 


23 


28.5x17 


2.28 


CW110(2 



req'd) 

Reference is now made to Figure 5 where there is illustrated a PCMCIA card 19. 
This card conforms to the standard dimensions and i$ configured for insertion into a 
complementary port of a desktop computer 20, a laptop computer 21 and a PDA 22. It 
will be appreciated that such a card or a like card is also able to be fitted to other 
25 computing devices. 
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Card 19 includes a conrniunicdtions module to provide the computing device into 
which it is installed to commutucated with a remote system. It also includes a power 
supply in accordance with the invention (not shown) to ensure that card 19 remains within 
specification while the conmiunication is affected. 

5 In otiier embodiment$> however, the power supply according to the Invention is 

mounted within computer 20 or 21 or PDA 22 and not directly to card 19. 

Another embodiment of the invention, in the form of a communications card 23, is 
illustrated in Figure 6. Card 23 is configured for moimting within a computer or other 
computing device, and includes a GPRS module (not specifically shown) and a power 

10 supply according to the invention (also not specifically shown). The usual current drain 
limit on s\JCh a device is 1 Amp notwithstanding the 1.5 to 2 Amp peak requirement of 
the GPRS module. However, card 23 is able to remain within specification through 
inclusion of a power supply according to the invention. 

15 Although the invention has been described with reference to specific examples, it 

Will be ^predated by those skilled in the art that it may be embodied in many other 
fomis. 

DATED this 9* Day of September, 2002 



20 



Attorney: JOHN B, REDFERN 
Fellow Institute of Patent and Trade Mark Attorneys of Australia 
of Baldwin Shblston Waters 
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FIGURE 3 
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FIGURE4 
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